, smoking, and alcohol abuse, with premature mortality before age 70 (PM-70) among the working or inactive population. The sample included 4,268 subjects aged 15 or more randomly selected in northeastern France. They completed a mailed questionnaire (birth date, sex, weight, height, job, PJD, smoking habit, alcohol abuse (Deta questionnaire)) in 1996 and were followed for mortality until 2004 (9 yr). PJD score was defined by the cumulative number of the following high job demands at work: hammer, vibrating platform, pneumatic tools, other vibrating hand tools, screwdriver, handling objects, awkward posture, tasks at heights, machine tools, pace, working on a production line, standing about and walking. The data were analyzed using the Poisson regression model. Those with PM-70 were 126 (3.81 per 1,000 personyears). The leading causes of death were cancers (46.4% in men, 57.1% in women), cardiovascular diseases (20.2% and 11.9%), suicide (9.5% and 7.1%), respiratory diseases (6.0% and 4.8%), and digestive diseases (2.4% and 4.8%). PJD≥3, smoker, and alcohol abuse had adjusted risk ratios of 1.71 (95% CI 1.02-2.88), 1.76 (1.08-2.88), and 2.07 (1. 31-3.26) respectively for all-cause mortality. Manual workers had a risk ratio of 1.84 (1.00-3.37) compared to the higher socio-economic classes. The men had a twofold higher mortality rate than the women; this difference became non-significant when controlling for job, PJD, smoker and alcohol abuse. For cancer mortality the factors PJD≥3, smoker, and alcohol abuse had adjusted risk ratios of 2
fatigue, stress, substance use, occupational injuries, disabilities 2, 3, 5, 9, 10, 12, 18, 19) , and death 20) . The role of physical job demands is little documented. Indeed, research undertaken on premature mortality has focused on manual workers and socioeconomic-related factors such as low income, unhealthy nutrition, altered living conditions, obesity, smoking, alcohol use, and lack of leisure time physical activities 1, 6, 15, 17, [21] [22] [23] [24] [25] . It should be noted that physical job demands also concern a number of other occupations such as craftsmen, farmers, and clerks. The impact of occupational hazards on heath and mortality should increase in the next few years, because of a higher duration of work exposure due to the lengthening of working life, a consequence of the ageing of the population 25) . Physical job demands are a relatively neglected research area on premature mortality. This may be due to a large population being needed and the necessity of following-up on subjects over a long period and after retirement.
In the last few decades, research has shown the important role of health-related behaviors, especially smoking and alcohol abuse, on health, injuries and mortality 1, 6, 21, [26] [27] [28] . Worldwide, smoking and alcohol use continue to result in substantial morbidity (9.0% and 8.4% of the total burden in the European Union 13) ) and mortality 22, 29) . Consequences of smoking include, among others, respiratory and cardiovascular diseases, cancer, injuries, disabilities, and over 1.2 million deaths in the WHO European Region, annually 1, 6, 21, 27, 29) . Consequences of alcohol abuse include, among others, cirrhosis, cardiovascular diseases, cancer, gastrointestinal problems, neurocognitive deficits, bone loss, emotional challenges, depression, deteriorated postural control, injuries, job loss, sickness absence, and 1.8 million deaths worldwide 1, 6, 22, 28, [30] [31] [32] . Note that manual workers have a higher prevalence of smoking than higher socio-economic classes [33] [34] [35] . In many industrialized countries smoking has been very common since youth, increasing the risk of the development of avoidable tobacco-related illnesses at an early age 36, 37) . France is a wine producting country where alcohol consumption is higher than elsewhere, while smoking remains prevalent 6, 33, 38) . Obesity is also a major public health concern and contributes to 3.6% of the total burden of diseases in European countries 1, 13) . It increases the risk for many chronic conditions, such as cardiovascular diseases, diabetes, cancers, and excess mortality 1, 24, 39, 40) . It affects mostly manual workers 1) , and consequently increases their risk of obesity-related mortality 1, 40) . The respective roles of physical job demands, smoking, alcohol abuse, and obesity and job, age and gender differentials in premature mortality is a key question. The knowledge of their risk patterns may help public health officials to determine the importance of prevention and to identify and monitor subjects most at risk. To our knowledge this issue has been little documented. The present study assessed through a 9-yr follow-up the associations of cumulative physical job demands, obesity, smoking, excess alcohol consumption, sex and age with subsequent premature mortality due to various causes in a the population from the north-eastern France. This study focused on premature death before 65 yr (PM-65), but also that before 70 yr (PM-70). Indeed, premature mortality may also concern the ages 65-70 yr due to the ageing of the population. The results are important because they show the importance of monitoring workers after retirement.
Materials and Methods

Subjects
The initial sample consisted of everyone aged 15 yr or more living in 8,000 randomly selected households in the Lorraine region of north-eastern France (2.3 million inhabitants). They represent 1/100 of the population studied. Only households with a telephone were eligible.
Study design
Before the initial survey, a 3-month media campaign (television, print, and radio) was conducted in order to raise awareness. The investigation was approved by the Commission Nationale de l'Informatique et Libertés, and written informed consent was obtained from the respondents. The study protocol included: (a) an application to participate to ascertain the number of persons in the household, then (b) three standardized selfcompletion questionnaires with a covering letter and a pre-paid envelope for the reply, were mailed at 1-month intervals. When the number of individuals was unknown, two questionnaires were sent first, and a complementary one was sent later. The standardized self-administered questionnaires were completed by the subjects themselves. Adolescents were free to ask their parents if they did not understand a question. The questionnaire included: demographical characteristics, smoking habit, alcohol abuse, job (in the past for the retired people; coded according to the Insee classification, Paris, 1983), and physical job demands during working life. Alcohol abuse was defined using the Deta questionnaire (at least two positive responses to four items: (i) consumption considered excessive by the subject; (ii) consumption considered excessive by people around the subject, (iii) subject wishes to reduce consumption, and (iv) consumption on waking) 2, 6, 33) . Concerning the physical job demands (PJD), 12 items were selected, with the following question "Please indicate the high job demands for your work": hammer, vibrating platform, pneumatic tools, other vibrating hand tools, screwdriver, handling objects, awkward posture, tasks at heights, machine tools, pace, working on a production line, standing about and walking 2, 3, 5) . Seven job categories were considered:
higher socio-economic classes (managers, intellectual professionals, heads of firms, medical doctors, engineers, independent professionals, intermediary jobs), manual workers, farmers, craftsmen/tradesmen, clerks, technicians, foremen, others and unknown 6, 7, 33, 41) . Obesity was defined as body mass index ≥30 kg/m 2 42) . Of the 8,000 households included in the sample, mailings to 193 (2%) were lost (due to addressing error or death). Of the 7,807 households contacted, 3,460 (44.3%) participated (all eligible members of the family took part in 86% of those). In total, 6,235 subjects filled in a questionnaire, 19 were of unknown sex or age, leaving 6,216 subjects who were similar in age and sex distribution to the overall population of north-eastern France ( Table 1 ). The subjects with unknown smoking habit or unknown alcohol abuse were excluded (296 subjects, 4.8%). Only the subjects having worked at the time of the initial survey were retained for this analysis: 4,897 subjects.
Follow-up
The cohort was followed up for mortality from 1 July 1996 to 31 December 2004. The vital status of all subjects was assessed by (1) searching using the national computerized database listing all deceased subjects in France from 1978, (2) contacting the registry offices of the birth places for people born in France, and (3) contacting the registry office devoted to foreign born French people (Ministry of Foreign Affairs). Cause of death was determined by matching the file of the deceased subjects with the French national file of causes of death which was set up in 1968. As this file is anonymous, the matching was done using sex, date of birth, date of death, and place of death. Causes of death were ascertained from death certificates and coded using the International Classification of Disease (WHO): 9th revision for deaths occurring between 1979 and 1999, and 10th revision for deaths occurring after 2000. In this study, two levels of premature mortality were considered: (1) death before the age of 65, and (2) death before the age of 70. This led us to follow the subjects who were alive and who were aged less than 65 yr or less than 70 yr, respectively, at the baseline of the study (1 July 1996): 3,872 and 4,268 subjects respectively. In total, 126 deaths were observed before age 70 (3.0%) and 85 before age 65 (2.2%). The unknown causes of death represented 4%.
Statistical analysis
The person-years at risk were calculated for each subject from 1 July 1996 to 31 December 2004, or earlier in the case of death or 65th/70th birthday. To verify the unidimensionality of the PJD, principal component analysis was used 44) . For each subject a PJD score was computed as the cumulative number of various items. To assess the role of PJD, sex, age, smoking habit and alcohol abuse in premature mortality we used the Poisson regression model, which yields relative risks (RR) and 95% CIs. The analyses were performed taking into account all available potential confounders, i.e. age, gender, smoking habit, alcohol abuse, and overweight. The statistical analyses were performed using STATA software (Stata, College Station, TX, USA).
Results
The results obtained with the principal component analysis show that physical job demands (PJD) are unidimensional which consequently validates the physical job demands score (PJD). Indeed, the first eigenvalue is much higher than the other eigenvalues (the 3 first eigenvalues are 2.16, 0.49, and 0.27 for subjects in MP-70 analysis; and 2.23, 0.53, and 0.30 for subjects in MP-65 analysis) 44) . The characteristics of the subjects are shown in Table 2 . There were 126 PM-70 and 85 PM-65 (rate 3.81 and 2.82 per 1,000 person-years). The leading causes of PM-70 were cancers (46.4% in men and 57.1% in women; mainly lung, digestive system, and breast cancers), cardiovascular diseases (20.2% and 11.9%), suicide (9.5% and 7.1%), respiratory diseases (6.0% and 4.8%), and digestive diseases (2.4% and 4.8%). A similar pattern is observed for PM-65. A higher all causes PM-70 rate was found for the subjects with PJD≥3 (9.71 vs. 3.48 per 1,000 person-years for the others), men, obese subjects, smokers, subjects with alcohol abuse, manual workers, farmers, craftsmen, and traders. Similar results were found for PM-65 except for obese subjects. Table 3 shows that PJD≥3, current smoking, and alcohol abuse have significant contributions to PM-70 (risk ratios RR between 1.71 and 2.07). When introducing the job category in the Poisson regression model, a slightly lower but non-significant RR was found for PJD≥3; manual workers had a significant RR of 1.84 while the RRs of smoking and alcohol abuse did not change. It should be noted that most PM-70 occurred at the age ranges of 50-59 and 60+ (RRs 3.41 and 10.21 respectively, vs. the younger age ranges). Similar findings were observed for PM-65, although only manual workers, alcohol abuse, and age groups had significant RRs. Table   Table 2 
Discussion
The present study demonstrates that PJD≥3, smoking, and alcohol abuse were associated with premature death before age 70 (PM-70) with risk ratios between 1.71 and 2.07. It shows that manual workers had a risk ratio of 1.84 vs. higher socio-economic classes. In addition, the men had a two-fold higher mortality rate than the women (4.89 vs. 2.65 per 1,000 person-years), and this gender difference was mediated by the other factors considered. Most PM-70 occurred at the age range of 60+. Our study shows that it is pertinent to assess the role of PJD or lower socioeconomic classes in PM-70. Indeed, manual workers had a much higher risk for PM-70 (about 1.84 in this study) than for overall mortality (1.19, 95% CI 1.15-1.22 for male manual workers in France 45) ). Our study reports that PM-65 was mainly related to alcohol abuse, whereas PM-70 was associated with PJD, alcohol abuse, and smoking. Cancer was here the leading cause of death and it accounted for half of PM-70 as well as of PM-65, in men as well as in women. The other main causes of premature death were cardiovascular diseases and suicide which accounted for about 15% and 9%, respectively, while the other causes represented less than 6%. The role found for smoking and alcohol abuse in our study is consistent with other results in the literature 1, 29, 31) . It should be noted that the two categories PM-70 and PM-65 overlap each other.
The selection bias of the sample was small. Indeed, the households possessing a telephone represented 96% of all households, and the households with confidential telephone number represented only 16% of them. According to several associations for persons with disability, telephone directory listings would not be related to health status and life conditions. The participation rate was modest but similar to that achieved in surveys with mailed questionnaires in France 46, 47) . The distributions according to age and sex of the sample are close to those of the Lorraine population 43) . The percentage of manual workers (18%) was similar with that of the Lorraine population (21%) 43) . Note also that the incidence rate of occupational injury and the prevalence of various types of diseases and disabilities, for example, are similar to those of the general population [5] [6] [7] 48) . The quality of the filling-in of the questionnaire was very good (non-responses for various items <4%). Although this study was conducted on a large sample, the interpretation of the results needs some caution due to the presence of a possible selection bias and the use of a self-administered questionnaire. However, a self-administered occupational health history questionnaire is reliable and valid 49) . The non-response bias in mailed health surveys is small 50, 51) . Note that the prevalence of various variables of the sample was similar to the directly standardized adjusted rate computed in reference to the Lorraine population 47) . This is due to, as quoted above, the similarities of the distributions of age and sex of the sample and the Lorraine population.
As previously mentioned all factors studied have been validated and used in other studies 2, 3, 5, 33, 38, 42) . The physical job demands were those reported as demanding by the subjects. They have been used elsewhere 2, 3, 5) . The calculation of the score PJD was valid because the physical job demands considered were unidimensional 44) . The occupational exposure was therefore underestimated because moderate occupational hazards were excluded. Furthermore, many hazards, for example chemical hazards, dust, etc. were not considered 52) . It should be noted that most subjects generally have one main job during their working life, so they should be aware of their job demands. Smoking habit, alcohol abuse, and obesity were those at the baseline of the study. They would not greatly change during the follow-up period, especially among the subjects aged over 50 yr who were more at risk of premature death. Finally, our study did not focus on alcohol intake but on alcohol abuse. Our study found that the workers with PJD≥3 had a 2.79-fold higher rate of PM-70 than the others (9.71 vs. 3.48 per 1,000 person-years), and they had a significant risk ratio of 1.71 when controlling for sex, age, obesity, smoking and alcohol abuse. It showed that a slightly lower and non-significant risk ratio of 1.52 (p=0.13) is found with further controlling for job category, while the risk ratios of smoking and alcohol abuse do not change. So, the 2.79-fold higher risk associated with PJD≥3 decreased to 61% when controlling for sex, age, obesity, smoking and alcohol abuse, and to 54% when job was also taken into account. These observations show that the risk associated with PJD was mediated by these factors. The physical job demands considered were found to be related to occupational injury, psychotropic drug use, and various types of disabilities 2, 3, 5) which may favour premature death. Kristal-Boneh et al. 20) found a similar hazard ratio (1.82) of all-cause mortality in workers with a high physical workload compared with the others. We found that the excess risk associated with PJD≥3 is partly mediated by smoking, alcohol abuse, and job category. These results are consistent with the findings of Diderichsen et al. 13) who stated the high total burden of diseases of tobacco and alcohol in the EU (respectively 9.0% and 8.4%; 3.6% for work environment). The result of PM-70 found for manual workers confirms the roles of lower socioeconomicrelated factors (unhealthy lifestyle, poor nutrition, altered living conditions, low income, low educational level, peer relationship, lack of leisure time physical activity, access to health care) 1, 23, 34, 45) . Note that job demands could favour drug use that has a great role in disease burden 1) . In France, one-third of the working population uses medications or other legal psychoactive substances in order to cope with work-related difficulties, and such use is more common in manual workers 53) . Intake of drugs is a leading cause of diseases and injuries 1, 2, 6) . Note that smoking and alcohol abuse are common and could increase the risk among workers with higher job demands 33) . For instance, smoking and alcohol abuse alter physical and mental abilities of workers and increase the risk of injuries due to job demands 6, 21) . Some causespecific mortality in adulthood is attributed to socially patterned childhood exposures (such as poor childhood growth, indoor and outdoor pollution, housing dampness and mold, passive smoke exposure, poor nutrition) which affect the lower socio-economic groups 54) . An important finding of our study is that PJD≥3 is associated with cancer PM-70 independently of gender, smoking, and alcohol abuse. It reveals that PJD≥3, smoking and alcohol abuse had similar adjusted risk ratios of about 2. But PJD≥3 has a slightly lower and nonsignificant risk ratio when also controlling for job category. Manual workers have a non-significant risk ratio whether or not PJD is taken into account. The high risk found for PJD≥3 is thus slightly mediated by job category. Note that PJD≥3 concerned mostly manual workers, and also foremen, farmers, craftsmen, tradesmen, clerks and technicians. This is an original finding because most previous studies have focused on job category and not on physical job demands, smoking, and alcohol abuse 1, 15, 17, 34, 55, 56) . Therefore the factors associated with cancers that are more common among the lower socio-economic groups (poor nutrition, altered living conditions or health-related behaviors, etc.) 1, 41, 57, 58) do not conceal the role of job demands. Kristal-Boneh et al. 20) also found a higher risk of cancer mortality in workers with high physical workload compared with the others. The high risk of cancer found in workers with PJD≥3 could be explained by a concomitant exposure to a number of carcinogenic hazards 2, 4, 59) . In the present study, we did not analyze the various types of cancers because of the small number of subjects.
Cardiovascular disease PM-70 was not here related to PJD, but a high risk ratio close to significance was found for males (2.73, p=0.08) and alcohol abuse (2.34, p=0.11 ). An increased risk was expected, because heavy drinking favours cerebral thrombosis, cerebral haemorrhage, and coronary artery disease deaths 60) . Note that the percentage of PM-70 due to cardiovascular diseases was here 2.86-fold lower than that due to cancer while their overall mortality rates were close 56) . Kristal-Boneh et al. 20) found a higher risk of cardiovascular disease mortality in workers with a high physical workload compared with others.
The difference of risk patterns between the two sexes are well known 45, 56) . We found that all cancers concerned the women more than the men due to breast cancers, and that lung cancer and cardiovascular diseases were twofold higher in men than in women. In our study, higher PJD, smoking and alcohol abuse were markedly more common in men than in women. Manual workers are threefold over-represented and clerks and service staff are threefold under-represented among men than among women 45) . These results are in agreement with the findings of other authors who have reported excess deaths from cardiovascular diseases and lung cancers in men 34, 55, 56) . An interesting finding of our study is that the excess PM-70 due to all causes and all cancers in men became nonsignificant when controlling for PJD, smoking, alcohol abuse, and job. This suggests that the gender differences were mediated by these factors. However, these factors did not entirely conceal the gender difference for cardiovascular disease PM-70 (adjusted risk ratio 2.73, p=0.077).
Our study shows that the PM-70 rate per 1,000 personyears was 1.32 for the subjects aged under 49 yr, and it was particularly high among the subjects aged 50-59 yr (4.33) and over 60 yr (12.6). Thus preventive measures aiming at reducing premature mortality should include follow-up of the subjects with high physical job demands at an early age, and particularly after 50 yr and after retirement. In population-based studies, exposure selfreports by study subjects are usually somewhat less good than expert assessment, but better than generic jobexposure matrices 53) . Our study shows that a simple selfadministered questionnaire is valid. Consequently, it may be used by occupational physicians as well as by other health professionals to detect and monitor the subjects most at risk.
Our study sheds light on the associations of job and physical job demands with premature mortality in the population, and on gender and age differentials. We demonstrate that physical job demands and health-related behaviours such as smoking and alcohol abuse are strong risk factors. The higher risk in men for all causes and cancer premature death is mediated by job, job demands, smoking and alcohol abuse. The workplace can be a natural setting for a broad discussion on preventing diseases and promoting health which, in addition to addressing the determinants of health directly related to working conditions, also addresses such issues as smoking and alcohol abuse 1) . Physical job demands are a simple index that may be useful for health professionals who may need to monitor the subjects most at risk during working life and after retirement, and for public prevention policies aiming at improving health and reducing social inequalities in health.
